intracranial arterial stenosis; detection rate; distribution; risk factors; transcranial doppler ultrosonography Objective: To discuss the correlation among intracranial arterial stenosis and its risk factors. Methods: A total of 486 patients with transient ischemic attack (TIA) or ischemic cerebral infarction were examined using color doppler flow imaging (CDFI) and transcranial doppler ultrosonography (TCD). According to the degrees of extracranial arterial stenosis, patients with mild-to-moderate extracranial stenosis were classified into group A (435 cases) while those with constant severe stenosis or occlusion were classified into group B (51 cases). The differences between the two groups of risk factors were compared, and the multi-factor logistic regression analysis of risk factors associated with moderately severe intracranial arterial stenosis was performed. Results: ① The risk factors that were significantly associated with intracranial arterial stenosis included age (P = 0.034) and gender (P = 0.044). ② Intracranial artery stenosis was observed in both anterior and posterior cerebral arteries in patients with hypertension, diabetes, and coronary heart disease respectively (P < 0.05). ③ Compared with group A, patients in group B were older (P = 0.000), with a higher proportion of men (P = 0.037), and the intracranial arterial stenosis degrees were significantly higher (P = 0.013). ④ Multi-factor logistic regression analysis showed that diabetes is a risk factor for moderately severe intracranial arterial stenosis (P < 0.05), and hyperlipidemia is a protective factor (P = 0.012). Conclusions: Age, gender, hypertension, diabetes, coronary heart disease, and smoking are risk factors for the distribution of intracranial arterial stenosis. The degrees of intracranial arterial stenosis are related with extracranial arterial stenosis. Diabetes is a risk factor for moderately severe intracranial arterial stenosis while hyperlipidemia is a protective factor. Citation Qu CQ, Zhao YY, Sun QJ, Du YF. Multiple factor analysis of symptomatic intracranial arterial stenosis. Transl.
Introduction
In recent years, both the incidence and morbidity of ischemic cerebrovascular disease have been rising sharply. Intracranial arterial stenosis is not only an important cause of ischemic stroke but also a significant factor for acute stroke recurrence [1] . Therefore, the study of risk factors for intracranial arterial stenosis is of clinical significance for the prevention of ischemic cerebrovascular disease [2] . To measure intracranial blood flow velocity, transcranial doppler ultrosonography (TCD) has been used in clinical studies since it is convenient, flexible, non-invasive, and low-cost [3] . In this study, 486 cases of symptomatic intracranial arterial stenosis were examined using color doppler flow imaging (CDFI) combined TCD technology to analyze the detection rate and distribution of intracranial arterial stenosis, and the correlation between intracranial arterial stenosis and its risk factors.
Materials and methods

Subjects
A total of 486 patients who underwent carotid ultrasound and TCD examination at the neurology department at our hospital from June 2012 to June 2014 were included in this study. Of them, 235 (48.4%) were male patients while 251 (51.6%) were female patients. The mean age was 63 ± 10 (mean ± standard deviation (SD)) years. A total of 317 (65.2%) patients had hypertension, 156 (32.1%) had diabetes, 64 (13.2%) had coronary heart disease, 232 (47.7%) had hyperlipidemia, and 170 (35.0%) were smokers. The following inclusion criteria were used: ① With TIA or ischemic stroke and aged 40 years or more. ② Basic information was complete, and target risk factors were explicit. ③ At least one target artery had stenosis detected using TCD. The following exclusion criteria were used: ① With the poor sound transmission of temporal window and patients were uncooperative. ② With severe stenosis or occlusion of the VA or BA, and with extracranial carotid artery (except patients whose blood flow was restored after the carotid artery stenting or carotid endarterectomy). ③ With cardiac embolism, arterial dissection, arterial inflammation, hypercoagulable state, moyamoya disease, malignant tumor, or other acute and chronic causes of inflammation. ④ Restenosis patients after intracranial or extracranial artery stenting. ⑤ Any other circumstances that researchers considered unsuitable for participation in this study.
CDFI examination
A Dutch Phillips IU22 bi-functional doppler ultrasonic diagnostic apparatus with a 3.0-9.0 MHz linear probe and a 2.0-5.0 MHz convex array probe was used to observe the carotid artery lumen diameter, plaques, and hemodynamic indicators.
TCD examination
A TCD ultrasound diagnostic apparatus TC8080 type (Germany) with a 1.6 MHz pulse wave probe was used to detect and record the peak systolic velocity (PSV), end diastolic velocity (EDV), vascular resistance index (RI), and pulsatility index (PI) of the target artery. All patients were evaluated by highly qualified doctors with over 5 years of experience. The detection methods and ultrasound diagnostic criteria of vascular stenosis were based on the literature [4] . A total of 434 patients with stenosis of less than 70% of the innominate artery, extracranial carotid artery, vertebral artery, or subclavian artery were included in group A. In group B, 52 patients with pre-existing 70%-99% stenosis of the innominate artery, extracranial carotid artery, vertebral artery or subclavian artery, whose blood flow had been restored within one month after the artery stenting or endarterectomy, were included. According to the stenosis degrees of the target artery (MCA, ICA, VA, and BA), group A and group B were further divided into the healthy control group A1, group B1 with mild stenosis, group A2 with moderately severe stenosis, and the occlusion group B2. Each target artery was given a different score based on the degree of stenosis: 0 for normal, 1 for mild stenosis, 2 for moderate stenosis, 3 for severe stenosis, and 4 for occlusion. The scores of the 11 target arteries were calculated; the arteries exceeding score 2 were assigned to group A2 or group B2, and the rest were assigned to group A1 or group B1.
Statistical Analysis
The SPSS 17.0 software package was used for statistical analysis. The measurement data was expressed as x(-)±s, and t-test and chi-square test were used to evaluate statistically significant differences. Logistic regression analysis was applied to the risk factors associated with moderately severe stenosis, to calculate the relative risk (RR) and 95% confidence interval (CI) values. A P value of <0.05 was considered statistically significant.
Results
Detection rate and distribution of intracranial arterial stenosis
The detection rate of intracranial arterial stenosis in 486 cases was 32.3% (157/486 cases). There were 37 patients aged 40 years or more with stenosis of the MCA, ICA, BA, or VA, and their detection rates were 62.2% (23/37 cases), 32.4% (12/37 cases), 29.7% (11/37 cases), and 16.2% (6/37 cases), respectively. The detection rate of MCA stenosis was the highest, and the difference was statistically significant (X2 = 904.074, P = 0.000).
Of the 486 cases, there were 115 cases (23.7%) of only MCA stenosis, 22 cases (4.5%) of only ICA stenosis, 20 cases (4.1%) of only anterior cerebral artery (ACA) stenosis, 23 cases (4.7%) of only posterior cerebral artery (PCA) stenosis, 42 cases (8.6%) of only BA stenosis, 27 cases (5.6%) of only VA stenosis, and the remaining 237 cases (48.8%) were of multi-branch arterial stenosis.
Analysis of risk factors
The average age of patients in group B was 67.34 ± 7.13 years, higher than 62.32 ± 10.29 years of those in group A, and the difference was statistically significant (P = 0.000). Men accounted for 63.7% in group B, significantly higher than 46.5% in group A (P = 0.037). However, there was no statistically significant difference between the two groups in the risk factors of hypertension, diabetes, coronary heart disease, hyperlipidemia, and smoking history.
The risk factors significantly associated with the distribution of narrow arteries included age (age ≥ 65 years, P = 0.034), and gender (P = 0.044). In patients aged 65 years or more, the stenosis incidence rate of the VA (64.0%) was higher than that of the MCA (31.4%), ICA (40.0%), and BA (39.5%), respectively.
The stenosis incidence rates of the BA were relatively high in patients with hypertension and those with coronary heart disease. The stenosis rate of the VA was relatively high in patients with diabetes. Patients with hyperlipidemia were susceptible to stenosis of the ICA and BA. Smoking patients were susceptible to stenosis of the MCA. However, there were no significant differences (P > 0.05).
Further analysis for the risk factors of the 37 cases showed that there were 21 cases (56.8%) of simple ACA stenosis, 9 cases (24.3%) of simple PCA stenosis, and 7 cases (18.9%) of both ACA and PCA stenosis. Men (P = 0.000) and smokers (P = 0.000) were more susceptible to ACA stenosis. Patients aged 65 years or more were more susceptible to PCA stenosis (P = 0.000). Patients with hypertension (P = 0.014), those with diabetes (P = 0.000), and those with coronary heart disease (P = 0.001) were susceptible to both ACA and PCA stenosis. There was no statistically significant difference in the distribution of arterial stenosis in patients with hyperlipidemia (P = 0.622) as shown in Figure 1. 
Multi-factor logistic regression analysis of moderately severe intracranial arterial stenosis
The multi-factor logistic regression analysis showed that diabetes (odds ratios (OR), 1.672; 95% CI, 1.086-2.574; P = 0.020) was a risk factor for moderately severe intracranial arterial stenosis, while hyperlipidemia (OR, 0.591; 95% CI, 0.393-0.891; P = 0.012) was a protective factor. These results are shown in Figure 2 . 
Discussion
Intracranial arterial stenosis or occlusion are important causes for the incidence of ischemic cerebrovascular diseases such as stroke in the elderly [5] . Previous studies found that 80% of the patients who had experienced a first episode of acute cerebral infarction had intracranial or carotid arterial stenosis; patients with TIA who had abnormal TCD examination results were at a high risk of cerebrovascular disease recurrence [6, 7] . Therefore, the early prevention, diagnosis, and treatment of symptomatic intracranial arterial stenosis might reduce the risk of ischemic stroke occurrence. The present study confirmed that TCD results of arterial stenosis are highly consistent with those of digital subtraction angiography (DSA); furthermore, TCD has a higher diagnostic accuracy compared with computed tomography angiography (CTA) [7, 8] . In this study, through the analysis of TCD results, the relationship among intracranial arterial stenosis and its risk factors were further evaluated. The TCD results of the 486 cases showed that the detection rate of symptomatic intracranial arterial stenosis was 32.3%. Furthermore, among all the stenosis detection rates of target arteries, the rate of MCA stenosis (62.2%) was the highest, which was consistent with previous findings [9] . On the distribution of narrow arteries, MCA stenosis was the most common among single artery stenosis, while most of the patients had complex multi-branch artery stenosis.
In this study, patients were divided into group A and group B according to extracranial artery stenosis. Cases in group B were of patients with pre-existing extracranial artery stenosis whose blood flow had been restored within one month after artery stenting or endarterectomy. There were two advantages of such grouping. First, it avoided the limited detection of intracranial arteries caused by severe stenosis or occlusion of extracranial arteries in previous studies. Second, it reduced the impact on intracranial arteries due to hemodynamic changes, drugs, and other factors caused by recanalization after artery stenting or endarterectomy. The comparative analysis of the risk factors in the two groups showed that patients in group B were older, the proportion of men was higher, and the degrees of stenosis were more serious than that in group A. Besides, studies have found that cerebral blood flow perfusion could be significantly improved in patients who had undergone extracranial-intracranial bypass surgery [10] . It suggests that extracranial stenosis is associated with intracranial stenosis, and patients with carotid arterial stenosis may have an increased risk of the occurrence of intracranial arterial stenosis.
In addition, there were differences in the distribution of cerebral arterial stenosis among patients of different ages and genders, those with hypertension, those with diabetes, those with coronary heart disease, and those who were smokers. The risk factors associated with the distribution of narrow arteries were age (age ≥ 65 years, P = 0.034) and gender (P = 0.044). Age is an independent risk factor for arterial stenosis. An epidemiological study based on the Chinese population found that the incidence of intracranial arterial stenosis in the population over 40 years was 7% [11] , and the incidence increased with age [12] . In the current study, the incidence of intracranial vertebral arterial stenosis was high in elderly patients; the incidence of MCA stenosis was high in male patients; patients over 65 years were susceptible to PCA stenosis; patients with hypertension, diabetes, and coronary heart disease respectively were susceptible to both ACA and PCA stenosis. Moreover, a recent study has showed that the recurrent ischemic cerebrovascular events within a few days after an acute ischemic stroke were associated with the location of stenosis [13] . It suggests that the occurrence of cerebral arterial stenosis is closely related to the risk factors, and cerebrovascular events are related to the distribution of stenosis. To prevent the occurrence of ischemic cerebrovascular disease, controlling the risk factors might reduce the incidence and development of cerebral arterial stenosis. According to previous studies, diabetes is associated with the frequency of intracranial large artery disease [14, 15] , and it was an important risk factor for the deterioration of intracranial arterial stenosis [16, 17] . The multi-factor logistic regression analysis in the current study showed that diabetes is a major risk factor for moderately severe intracranial arterial stenosis, which was consistent with the study results from related literature domestic and aboard. As diabetes is considered to be a controllable factor, controlling the blood glucose strictly might reduce the incidence rate of moderately severe cerebral arterial stenosis and thus prevent ischemic stroke.
Hyperlipidemia is a major cause for the generation of atherosclerosis [18] . Some studies have suggested that lipid metabolism disorder is closely related to the occurrence of severe cerebral arterial stenosis [19, 20] . Hence, hyperlipidemia might be a control target for the prevention of cerebral arterial stenosis [21] . The level of non-high density lipoprotein cholesterol is an independent predictor for the incidence of asymptomatic intracranial arterial stenosis in male patients [22] , especially the increase in low density lipoprotein levels was one of the major risk factors for intracranial arterial stenosis [23] . However, according to the current study, hyperlipidemia might be a protective factor for moderately severe intracranial arterial stenosis. The different results may be due to the following reasons. First, different from previous studies, in this study, patients with at least one mild narrow target artery were included but completely healthy or asymptomatic patients with intracranial arterial stenosis were not. Second, previous studies selected single artery stenosis as research subjects. However, multi-branch arterial stenosis is more common in Chinese population, and comprehensive assessment of arterial stenosis will be more accurate. Hence, in this study, 11 narrow target arteries were included. Third, there are no definite diagnostic criteria for hyperlipidemia. Currently, some studies have shown that statins can reduce the risk of stroke [24, 25] . Therefore, we speculate that in patients with hyperlipidemia, taking statins or other lipid-lowering drugs might delay the progress of intracranial arterial stenosis; however, this should be confirmed further by large sample studies.
In this study, multiple factors related to intracranial arterial stenosis were comprehensively analyzed on the basis of TCD examination results, to provide reliable and useful information for the assessment and control of risk factors of patients with stroke and to reduce the occurrence of ischemic cerebrovascular disease.
